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APPARATUS FOR CONTROLLING lation unit configured to modulate the voltage command on 
INVERTER the stationary reference frame according to a motor rating ; 

and a third generation unit configured to generate a PWM 
CROSS - REFERENCE TO RELATED ( Pulse Width Modulation ) signal in order to control a 

APPLICATIONS 5 plurality of power switching elements of the inverter , 
according to the modulated voltage command on the sta 

Pursuant to 35 U . S . C . $ 119 ( a ) , this application claims the tionary reference frame . 
benefit of earlier filing date and right of priority to Korean I n some exemplary embodiments of the present disclo 
Patent Application No . 10 - 2014 - 0156848 , filed on Nov . 12 , sure , the controller may further comprise : an LPF ( Low Pass 
2014 , the contents of which are hereby incorporated by 10 Filter ) configured to control harmonic wave ingredient of the 
reference herein in its entirety . torque current . 

In some exemplary embodiments of the present disclo 
BACKGROUND sure , the second generation unit may include : a fourth 

generation unit configured to generate a boost voltage 
Field of the Disclosure 15 according to the motor information and a predetermined 
The present disclosure relates to an apparatus for control voltage gain ; and a first multiplication unit configured to 

ling an inverter . generate a compensation voltage by multiplying a K - factor 
Discussion of the Related Art of the torque current by the boost voltage . 
An inverter is a power converter that coverts inputted AC In some exemplary embodiments of the present disclo 

( Alternating Current ) electric power to DC ( Direct Current ) 20 sure , the second generation unit may include : a comparison 
electric power , converts the DC electric power to a voltage unit configured to compare the torque current with a torque 
having magnitude and frequency required by a motor , and current reference . 
output the voltage to the motor . In some exemplary embodiments of the present disclo 

The conventional inverter operation control is a method to sure , the comparison unit may output a value of 1 when the 
constantly control gap flux in all frequency areas under the 25 torque current is greater than the torque current reference , 
base frequency , that is , to control magnetic flux ingredient and may output a value of 0 when the torque current is not 
current of the stator current . The overall current is increased greater than the torque current reference . 
by the effect of voltage drop due to the stator resistance at In some exemplary embodiments of the present disclo 
low velocity . However , the performance is superior to con - sure , the second generation unit may further include : a 
trol with only general voltage / frequency relationships , in a 30 second multiplication unit configured to multiply an output 
case when a large amount of starting torque is required at an of the comparison unit and by output of the fourth generation 
initial stage . unit . 

However , there are problems in that the method is largely In some exemplary embodiments of the present disclo 
dependent on motor parameters ( stator resistance , stator sure , the second generation unit may further include : a 
inductance , no - load current ) , errors occur in the torque boost 35 limitation unit configured to limit the compensation voltage 
compensation voltage due to errors in the relevant param - below a predetermined voltage . 
eters , and thereby the operation may fail at a large starting In some exemplary embodiments of the present disclo 
torque , in a case when such controlling method is applied to sure , the motor information may include a slip frequency of 
operation of industrial inverters . the motor and a capacity of the motor . 

In particular , the control of a certain voltage / frequency is 40 According to an exemplary embodiment of the present 
to output a voltage corresponding to the frequency required disclosure , there is an advantageous effect of stably driving 
by a predetermined ratio of voltage and frequency . There - the inverter , because the compensation voltage is determined 
fore , there is still a problem in that the operation may fail according to the status of load even when a large starting 
when a large starting torque is required at low velocity or torque is required or even when there is a large change in 
when there is a large change in load . 45 load . 

SUMMARY OF THE DISCLOSURE BRIEF DESCRIPTION OF THE DRAWINGS 
One of purposes that the present disclosure intends to FIG . 1 is an exemplary view illustrating a structure of an 

achieve is , to provide an inverter controller that enables the 50 inverter system according to an exemplary embodiment of 
inverter to stably operate even when a large starting torque the present disclosure . 
is required for the inverter to be driven , or even when there FIG . 2 is a block diagram illustrating a controller of a 
is a large change in load . conventional inverter system . 

In a general aspect of the present disclosure , a controller FIG . 3 is an exemplary view illustrating a controller of the 
is provided , the controller comprising : a first generation unit 55 inverter system of FIG . 1 according to an exemplary 
configured to generate a voltage command from a command embodiment of the present disclosure . 
frequency ; a first conversion unit configured to convert an FIG . 4 is a detailed block diagram illustrating a compen 
output current of an inverter to a torque current on synchro - sation voltage generation unit of FIG . 3 according to an 
nous reference frame ; and a second generation unit config - exemplary embodiment of the present disclosure . 
ured to generate a compensation voltage to compensate the 60 
voltage command using the torque current and motor infor DETAILED DESCRIPTION 
mation , wherein the compensation voltage may be applied to 
the first generation unit . Various exemplary embodiments will be described more 

In some exemplary embodiments of the present disclo - fully hereinafter with reference to the accompanying draw 
sure , the controller may further comprise : a second conver - 65 ings , in which some exemplary embodiments are shown . 
sion unit configured to convert the voltage command to a The present inventive concept may , however , be embodied 
voltage command on a stationary reference frame ; a modu in many different forms and should not be construed as 
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limited to the exemplary embodiments set forth herein . modulation unit ( 430 ) , a PWM generation unit ( 440 ) and a 
Rather , the described aspect is intended to embrace all such compensation voltage generation unit ( 450 ) . The controller 
alterations , modifications , variations , and equivalents that ( 400 ) is a control device for voltage - frequency constant 
fall within the scope and novel idea of the present disclosure . control , which controls the inverter in a case when a rotor 

The terms used in the present disclosure , including ordi - 5 location sensor is not configured . 
nal numbers such as “ first " or " second ” , may be used for The voltage command generation unit ( 410 ) may generate 
description of various elements . However , the elements of a voltage command from a command frequency . The coor 
the present disclosure shall not be limited by such the terms . dinate conversion unit ( 420 ) may coordinate - convert the 

An expression used in the singular encompasses the voltage command received from the voltage command gen 
expression of the plural , unless it has clearly different 10 eration unit ( 410 ) to a three - phase voltage command on a 
meaning in the context . In the present specification , it is to stationary reference frame . 
be understood that the terms such as “ including ” or “ hav - The modulation unit or AVR ( automatic voltage regulator ) 
ing , " etc . , are intended to indicate the existence of the ( 430 ) may control the voltage of the coordinate conversion 
features , numbers , operations , actions , components , parts , or unit ( 420 ) to be compliant with the motor rating . The PWM 
combinations thereof disclosed in the specification , and are 15 generation unit ( 440 ) may generate a PWM signal for 
not intended to preclude the possibility that one or more controlling the plurality of power switching elements of the 
other features , numbers , operations , actions , components , inverter unit ( 30 ) according to the voltage command . 
parts , or combinations thereof may exist or may be added . Here , the gap flux decreases and thereby the output torque 

Hereinafter , an exemplary embodiment of the present decreases , due to voltage drop by the stator resistance at low 
disclosure will be described in detail with reference to the 20 velocity , when the voltage - frequency constant control is 
accompanying drawings . performed . Increasing the voltage at low velocity in order to 

FIG . 1 is an exemplary view illustrating a structure of an compensate the decreased torque is referred to as a torque 
inverter system according to an exemplary embodiment of booster . The compensation voltage generation unit ( 450 ) 
the present disclosure . generates a compensation voltage by calculating the amount 

As illustrated in FIG . 1 , an inverter ( 2 ) may receive a 25 of torque boost using motor parameters ( stator resistance , 
three - phase electric power from a three - phase electric power stator inductance , no - load current ) and provides the com 
provider ( 1 ) , convert the three - phase electric power to pensation voltage to the command voltage generation unit 
voltage having predetermined amount and frequency and ( 410 ) , so as to compensate the voltage command when a 
provide the voltage to a motor ( 3 ) , and may include a larger amount of starting torque . 
rectification unit ( 10 ) , a DC ( Direct Current ) terminal 30 However , there are problems in that the compensation 
capacitor ( 20 ) , an inverter unit ( 30 ) and a controller ( 40 ) . voltage generated by the conventional compensation voltage 

The rectification unit ( 10 ) may convert an inputted AC generation unit is largely dependent on motor parameters , 
( Alternating Current ) voltage to a DC ( Direct Current ) errors in compensation voltage occur due to such errors in 
voltage . The rectification unit ( 10 ) may be formed of a the relevant parameters , and thereby the operation may fail 
plurality of diodes . 35 at a large staring torque . 

The DC terminal voltage increases , when the input elec - One purpose of the controller ( 40 ) according to an exem 
tric power supplied from the power supply is greater than the plary embodiment of the present disclosure is to resolve 
output electric power consumed at the load . In the reverse such problems . The controller ( 40 ) according to an exem 
case , the DC terminal voltage decreases . The DC terminal plary embodiment of the present disclosure may stably drive 
capacitor ( 20 ) may be used in order to resolve the instan - 40 the inverter even when a large starting torque is required , or 
taneous electric power imbalance at input / output terminals . even when there occurs a large change in load . 

In addition , the inverter unit ( 30 ) may include a plurality FIG . 3 is an exemplary view illustrating a controller ( 40 ) 
of power switching elements . On / Off of the plurality of of the inverter system of FIG . 1 according to an exemplary 
power switching elements may be controlled by a PWM embodiment of the present disclosure . 
( Pulse Width Modulation ) signal of the controller ( 40 ) , so 45 As illustrated in FIG . 3 , the controller ( 40 ) of an inverter 
that the inverter unit ( 30 ) may output a voltage having according to an exemplary embodiment of the present 
predetermined amount and frequency to the motor ( 3 ) . Here , disclosure may include a voltage command generation unit 
the power switching element may be an IGBT ( Insulated ( 41 ) , a first coordinate conversion unit ( 42 ) , a modulation 
Gate Bipolar Transistor ) , but not limited hereto , thus , vari - unit ( 43 ) , a PWM generation unit ( 44 ) , a second coordinate 
ous power switching elements may be used . 50 conversion unit ( 45 ) , an LPF ( Low Pass Filter ) ( 46 ) and a 

The current detection unit ( 4 ) may detect an output of the compensation voltage generation unit ( 47 ) . 
inverter ( 2 ) , that is , may detect input current of the motor ( 3 ) . The controller ( 40 ) according to an exemplary embodi 
The current detected by the current detection unit ( 4 ) may be ment of the present disclosure may be used when a rotor 
used for protective operation of the motor ( 3 ) . For example , location sensor of the motor ( 3 ) is not provided , but not 
the current detection unit ( 4 ) may be a CT ( Current Trans - 55 limited hereto . The controller ( 40 ) according to an exem 
former ) , but not limited hereto . Various devices to perform plary embodiment of the present disclosure may be also used 
such functions may be applied as the current detection unit when a rotor location sensor of the motor ( 3 ) is provided . 

The voltage command generation unit ( 41 ) may generate 
Hereinafter , the structure of a conventional controller will a voltage command from a predetermined command fre 

be described . In addition , the structure of the controller 60 quency . The coordinate conversion unit ( 42 ) may coordi 
according to an exemplary embodiment of the present nate - convert the voltage command generated by the voltage 
disclosure will be described with reference to drawings . command generation unit ( 41 ) to a three - phase voltage 

FIG . 2 is a block diagram illustrating a controller of a command . 
conventional inverter system . The modulation unit or AVR ( 43 ) may modulate the 

As illustrated in the figure , the conventional controller 65 voltage outputted by the coordinate conversion unit ( 42 ) to 
( 400 ) to control the inverter may include a voltage command be complaint with the motor rating . In addition , the PWM 
generation unit ( 410 ) , a coordinate conversion unit ( 420 ) , a generation unit ( 44 ) may generate a PWM signal for con 

( 4 ) . 
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ted . 

trolling a plurality of power switching elements of the Meanwhile , the slip frequency may be different by every 
inverter unit ( 30 ) according to the modulated voltage com motor ( 3 ) , and the initial starting current of an induction 
mand . Descriptions for specific operations of the modulation motor becomes greater as the slip frequency becomes 
unit ( 43 ) and the PWM generation unit ( 44 ) are obvious to greater . Thus , the boost voltage according to an exemplary 
those skilled in the art to which the present disclosure 5 embodiment of the present disclosure may be determined 
pertains , and therefore will be omitted . based on the slip frequency . In addition , as the rated output 

The second coordinate conversion unit ( 45 ) may receive current may be different by capacity of the motor ( 3 ) , the 
an output current of the inverter ( 2 ) from the current parameters of the motor ( 3 ) may become different . There 
detection unit ( 4 ) , and may convert the output current to fore , the gain of boost voltage may also be affected , and the 
d - axis current and q - axis current on a synchronous reference 10 boost voltage may be determined based on capacity infor 
frame . Here , the d - axis current may be magnetic flux ingre - mation of the motor ( 3 ) . 
dient ( magnetic flux current ) of the inverter ( 2 ) output In addition , the boost voltage generation unit ( 47B ) may 
current , and the q - axis current may be torque ingredient generate the boost voltage also based on voltage gain stored 
( torque current ) of the inverter ( 2 ) output current . in the memory ( 47C ) . 

The LPF ( 46 ) may remove harmonic wave by filtering 15 The boost voltage generated by such manners may be 
torque current . Afterwards , the compensation voltage gen - multiplied by a value of 1 outputted by the comparison unit 
eration unit ( 47 ) may receive slip frequency of the motor ( 3 ) ( 47A ) and by the first multiplication unit ( 47D ) , and may be 
and the motor ( 3 ) capacity information , may generate a provided to the second multiplication unit ( 47F ) . In a case 
compensation voltage based on the received slip frequency , when the torque current is smaller than the torque current 
capacity information and a predetermined boost voltage 20 reference , the comparison unit ( 47A ) outputs a value of 0 
gain , and may provide the compensation voltage to the ( zero ) . Thus , the compensation voltage may not be output 
voltage command generation unit ( 41 ) . 

As an initial overcurrent flows at large amount the com - However , such embodiment is just for the purpose of an 
pensation when slip frequency increases in the motor ( 3 ) , the example . Other parameters than slip frequency , motor 
voltage generation unit ( 47 ) may accordingly generate a 25 capacity information and voltage gain of the motor may be 
proper compensation voltage . In addition , as the output considered by the boost voltage generation unit ( 47B ) to 
current may be various by capacity of the motor ( 3 ) of a determine the boost voltage . 
general inverter ( 2 ) , the voltage generation unit ( 47 ) may The K - factor determination unit ( 47E ) may determine a 
generate a compensation voltage according to the motor ( 3 ) K - factor from the torque current filtered through the LPF 
capacity information having a default gain . In addition , in 30 ( 46 ) , and the second multiplication unit ( 477 ) may generate 
consideration of the voltage gain , greater voltage may be a compensation voltage by multiplying the K - factor by the 
compensated compared to the conventional voltage / fre - boost voltage generated by the boost voltage generation unit 
quency constant control . Therefore , an exemplary embodi - ( 47B ) . The K - factor may be determined according to the 
ment of the present disclosure is useful when a great starting torque current , and the limitation unit ( 476 ) may limit the 
torque is required or when using auto adjustment function . 35 compensation voltage when the compensation voltage is too 

FIG . 4 is a detailed block diagram illustrating a compen - high . The limited value may be predetermined . 
sation voltage generation unit of FIG . 3 according to an As described in the above , the compensation voltage 
exemplary embodiment of the present disclosure . generation unit ( 47 ) according to an exemplary embodiment 
As illustrated in FIG . 4 , the compensation voltage gen - of the present disclosure may output a boost voltage based 

eration unit ( 47 ) according to an exemplary embodiment of 40 on slip frequency and capacity of the motor ( 3 ) and a 
the present disclosure may include a comparison unit ( 47A ) , predetermined voltage gain , only in a case when the torque 
a boost voltage generation unit ( 47B ) , a memory ( 47C ) , first current of the inverter ( 2 ) is above a predetermined refer 
and second multiplication unit ( 47D , 47F ) , a K - factor deter - ence . The boost voltage outputted in such manner may be 
mination unit ( 47E ) and a limitation unit ( 47G ) . According determined based on K - factor of the torque current . Thereby , 
to an exemplary embodiment of the present disclosure , an 45 the compensation voltage may be determined according to 
example where the compensation voltage generation unit the state of loads , even in case when a large starting torque 
( 47 ) includes a memory ( 47C ) pre - storing a predetermined is required or there is a wide change in load . Therefore , the 
voltage gain . However , the present disclosure is not limited inverter may be driven stably . 
hereto . It will be apparent , to those skilled in the art to which The abovementioned exemplary embodiments are 
the present disclosure pertains , that receiving the voltage 50 intended to be illustrative , and not to limit the scope of the 
gain from an external memory is not excluded in the present claims . Many alternatives , modifications , variations , and 
disclosure . equivalents will be apparent to those skilled in the art . The 

The torque current may be outputted from the second features , structures , methods , and other characteristics of the 
coordinate conversion unit ( 45 ) of FIG . 3 , and harmonic exemplary embodiments described herein may be combined 
wave ingredient included in the torque current may be 55 in various ways to obtain additional and / or alternative 
filtered by the LPF ( 46 ) . exemplary embodiments within an equivalent scope . There 

The comparison unit ( 47A ) may compare the torque fore , the technical scope of the rights for the present dis 
current in which harmonic wave is filtered with the torque closure shall be decided by the appended claims and equiva 
current reference for voltage compensation . The torque lents thereof . 
current reference may be predetermined . Therefore , accord - 60 
ing to comparison of the comparison unit ( 47A ) the com - What is claimed is : 
pensation voltage may be generated when the torque current 1 . A controller comprising : 
is greater than the torque current reference . That is , the a first generation unit configured to generate a voltage 
comparison unit ( 47A ) may output a value of 1 when the command from a command frequency ; 
torque current is greater than the torque current reference , 65 a first conversion unit configured to convert an output 
and may output a value of 0 when the torque current is not current of an inverter to a torque current on synchro 
greater than the torque current reference . nous reference frame ; and 
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a second generation unit configured to generate a com 

pensation voltage to compensate the voltage command 
using the torque current and motor information , 

wherein the second generation unit includes : 
a fourth generation unit configured to generate a boost 5 

voltage according to the motor information and a 
predetermined voltage gain ; 

a first multiplication unit configured to generate a com 
pensation voltage by multiplying a K - factor of the 
torque current by the boost voltage , 

a comparison unit configured to compare the torque 
current with a torque current reference , and 

a second multiplication unit configured to multiply an 
output of the comparison unit and by output of the 
fourth generation unit , and 

wherein the compensation voltage is applied to the first 15 
generation unit . 

2 . The controller of claim 1 , further comprising : 
a second conversion unit configured to convert the voltage 
command to a voltage command on a stationary refer 
ence frame ; 20 

a modulation unit configured to modulate the voltage 
command on the stationary reference frame according 
to a motor rating ; and 

a third generation unit configured to generate a PWM 
( Pulse Width Modulation ) signal in order to control a 
plurality of power switching elements of the inverter , 
according to the modulated voltage command on the 
stationary reference frame . 

3 . The controller of claim 1 , further comprising : 
an LPF ( Low Pass Filter ) configured to control harmonic 
wave ingredient of the torque current . 

4 . The controller of claim 1 , wherein the comparison unit 
outputs a value of 1 when the torque current is greater than 
the torque current reference , and outputs a value of 0 when 
the torque current is not greater than the torque current 
reference . 

5 . The controller of claim 1 , wherein the second genera 
tion unit further includes : 

a limitation unit configured to limit the compensation 
voltage below a predetermined voltage . 

6 . The controller of claim 1 , wherein the motor informa 
tion includes a slip frequency of the motor and a capacity of 
the motor . 

* * * * * 


